Abstract: This paper provides a study of the smart grid projects realised in Europe and presents their technological solutions with a focus on smart metering Low Voltage (LV) applications. Special attention is given to the telecommunications technologies used. For this purpose, we present the telecommunication technologies chosen by several European utilities for the accomplishment of their smart meter national roll-outs. Further on, a study is performed based on the European Smart Grid Projects, highlighting their technological options. The range of the projects analysed covers the ones including smart metering implementation as well as those in which smart metering applications play a significant role in the overall project success. The survey reveals that various topics are directly or indirectly linked to smart metering applications, like smart home/building, energy management, grid monitoring and integration of Renewable Energy Sources (RES). Therefore, the technological options that lie behind such projects are pointed out. For reasons of completeness, we also present the main characteristics of the telecommunication technologies that are found to be used in practice for the LV grid.
Introduction
The current power grid needs to constantly evolve to adapt to the increasing technological demands. Particularly, the development and growth of Renewable Energy Sources (RES) has implied a transformation in the way the energy is produced and stored. In addition, the need to reduce the total CO 2 emissions calls for a better and more efficient energy usage. Modern power grids are adapting to cope with this new scenario, evolving to accommodate the integration of renewable energy sources and to enable a more efficient energy management through automated control and modern telecommunication technologies [1] .
A smart grid implies that a vast amount of information will need to be handled. The integration of renewable energy sources requires a constant monitoring and control of the power grid. As a consequence, the operation of the whole grid requires an efficient management of energy generation, transmission and distribution. For this reason, the role of the telecommunication technologies used in the smart grid is of vital importance. In general, there are three main domains of applications for the smart grid network: the High Voltage (HV) network used for the electricity transmission, the Medium Voltage (MV) network used for the electricity distribution and the Low Voltage (LV) network used to provide electricity at end-users [2] . Specifically for the LV network, special attention is given to neighborhood and building area networks. In [3] the technological solutions for this type of networks are listed. Smart metering is an important part of the LV network, because it contributes in transmitting energy consumption/generation data towards the utilities and There are several telecommunication technologies utilised by smart metering applications and they are mainly distinguished according to the transmission medium used for the signals, thus being divided into wired and wireless. A popular wired technology is Power Line Communications (PLC), which refers to the use of the existing power lines for the signal transmission. A benefit of this technology is that there is no need for new infrastructure. PLC technologies can be classified into two categories: Broadband PLC (BB-PLC) and Narrowband PLC (NB-PLC) [4] . Many wireless techniques can be used depending on the type of signal transmission examined, like the ZigBee or cellular wireless technologies. In general, there are two links for transmitting data from the smart meter to the control center: the first link carries data from the smart meter to a data concentrator whereas the second link connects this data concentrator to the data center [5] . In the rest of the paper, we refer to these links for smart meter data communication as "first" and "second" link. Figure 1 shows this concept of smart meters communication to the utility center through data concentrators. In Figure 1 , it is shown that various technological solutions can be used for both links. In this paper, we aim at identifying the telecommunication technologies selected in reality for smart grids with emphasis on smart metering applications. For this purpose, a survey is performed based on the smart grid projects realised in Europe, as presented in [6] , and the technological solutions applied in them. In general there are/have been more than 450 smart grid projects examining different issues; however, we select the projects directly or indirectly involving LV smart metering applications and special focus is given to the telecommunication technologies selected for them. The scope is to give a clear picture of the trends in the field and to provide readers with valuable information about what has been used in practice. To complete the picture, we present the technological solutions chosen by several European countries with respect to their national smart meter roll-out. In addition, an insight is provided about the technological trends in topics like smart home/smart building, integration of RES and grid management, since they are found to be directly or indirectly related to smart metering applications. A small feedback is given about the telecommunication technologies used in the MV grid through projects that combine research on LV smart metering applications with research on the MV grid. However, a thorough analysis of the aspects of the MV smart grid network would be out of the scope of this work. For reasons of completeness we also give the main characteristics of the telecommunication technologies that are mostly found to be used in practice through our survey in order to help the reader understand their usage and the main concepts behind them.
The rest of the paper is organised as follows: Section 2 lists the wired and wireless telecommunication technologies respectively, which are available for the LV smart grid, as they are found in the literature. Particular emphasis is given to the technologies that are found to be used in reality at a great extent as smart metering solutions. In Section 3 the technologies selected for smart metering applications mainly in Europe are presented. In Section 4 some of the main smart grid projects are presented with special focus on the role of smart meters and the technologies used. Section 5 concludes the paper. In this paper, we aim at identifying the telecommunication technologies selected in reality for smart grids with emphasis on smart metering applications. For this purpose, a survey is performed based on the smart grid projects realised in Europe, as presented in [6] , and the technological solutions applied in them. In general there are/have been more than 450 smart grid projects examining different issues; however, we select the projects directly or indirectly involving LV smart metering applications and special focus is given to the telecommunication technologies selected for them. The scope is to give a clear picture of the trends in the field and to provide readers with valuable information about what has been used in practice. To complete the picture, we present the technological solutions chosen by several European countries with respect to their national smart meter roll-out. In addition, an insight is provided about the technological trends in topics like smart home/smart building, integration of RES and grid management, since they are found to be directly or indirectly related to smart metering applications. A small feedback is given about the telecommunication technologies used in the MV grid through projects that combine research on LV smart metering applications with research on the MV grid. However, a thorough analysis of the aspects of the MV smart grid network would be out of the scope of this work. For reasons of completeness we also give the main characteristics of the telecommunication technologies that are mostly found to be used in practice through our survey in order to help the reader understand their usage and the main concepts behind them.
The rest of the paper is organised as follows: Section 2 lists the wired and wireless telecommunication technologies respectively, which are available for the LV smart grid, as they are found in the literature. Particular emphasis is given to the technologies that are found to be used in reality at a great extent as smart metering solutions. In Section 3 the technologies selected for smart metering applications mainly in Europe are presented. In Section 4 some of the main smart grid projects are presented with special focus on the role of smart meters and the technologies used. Section 5 concludes the paper.
Technologies for LV Smart Metering-Background Information

Wired Technologies
Narrowband PLC (NB-PLC)
Narrowband PLC (NB-PLC) technology implies that data is transmitted through a narrow frequency band at a low bit rate. NB-PLC technologies aim at offering indoor (home automation) and outdoor (smart grid) command and control services. One application of NB-PLC is the control and telemetry of electrical equipment such as meters, switches and heaters. NB-PLC is usually applied for the telecommunication link between the smart meter and data concentrator. [7, 8] .
In Europe the NB-PLC band goes roughly from 3 kHz to 150 kHz and is further divided into four sub-bands. More specifically, the CENELEC A band (3-95 kHz) is mostly used by power utilities for applications like monitoring or controlling the low-voltage and distribution network. CENELEC B-band (95-125 kHz) can be used for any kind of applications, the C-band (125-140 kHz) for home networking systems while the CENELEC D-band (140-148.5 kHz) is specified for alarm-and security systems. In Japan, ARIB has specified the 10-450 kHz frequency band for PLC applications, whereas in USA FCC has defined the 10-490 kHz frequency band for this purpose [9] .
Two Orthogonal Frequency Division Multiplexing (OFDM)-based NB-PLC solutions that can offer high data rates, and which have been introduced to the market prior to high data rate standards, are namely PRIME and G3-PLC: Both PRIME [10] and G3-PLC [11] use the (OFDM) transmission method and the DBPSK/DQPSK modulation technique. The difference is that in PRIME the DPSK concept is used in the frequency domain, whereas in G3-PLC in the time domain. Another difference lies in the encoding procedure of the two specifications [12] . Some of the available standards for NB-PLC are as follows: ‚ IEEE 1901.2-It is a high data rate standard and it defines NB-PLC both via alternating and direct current. Smart Grid applications are included. Other PLC technologies operating below 500 kHz can also coexist. It is noteworthy that the standard includes three physical and MAC layer specifications, the G3-PLC (10-500 kHz), the G3-PLC for CENELEC A and the PRIME for CENELEC A [8] .
‚ ITU-T G.hnem-This standard can be used for a variety of Smart Grid applications such as smart metering, demand response, etc. It is a high data rate standard and uses the OFDM technology that refers to in-home energy management and home automation. It should be noted, that in this standard, the recommendations ITU-T G.9902, ITU-T G.9903, ITU-T G.9904 are included, which contain the physical and data link layer specifications for ITU-T G.9902, G3-PLC and PRIME NB-PLC OFDM transceivers respectively [13] .
‚ IEC 61334-Part 5 of this standard defines NB-PLC systems, whereas part 5-1 defines in particular an S-FSK scheme (G1 specification). Single carrier technologies are used, meaning that the data rate is low. The data concentrator in such a system acts as a "local relay" for a management centre [14] .
‚ IEC 62056 is a set of standards for electricity metering data exchange and they are the standard versions of the DLMS/COSEM specification. Part 21 defines how data transmission of electricity meters takes place, while mode E indicates that the use of DLMS/COSEM through High-Level Data Link Control (HDLC) is supported. Single carrier techniques are used also in this case, thus leading to low data rates transmitted [14] .
‚ ISO/IEC 14908-1 (Lonworks)-Lonworks technology has been created by Echelon. For electric utility applications, the CENELEC A band is used. CENELEC C band is used for in-home applications. The resulting data rate is kept at low levels (few kbps) [8] .
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To complete the picture, there is another technology that is also popular for smart meter applications when it comes to the data transmission from the smart meter to the data concentrator, namely Meters and More. According to it the physical layer is designed by using the Binary Phase-Shift Keying (BPSK) modulation, while the LLC layer is based on IEC 61334-4-3. This technology is optimum for the transmission of very short messages, especially for PLC and wireless IP communications [15] .
Broadband PLC (BB-PLC)
The concept of BB-PLC was initiated with the scope of providing Internet access applications. In general, the idea was to use BB-PLC for the so-called last-mile communications and for home networking. BB-PLC devices offer bit rate in the order of hundreds of Mbit/s and they do not need new infrastructure. Their frequency band of operation is between 2 and 30 MHz [16] . The Open PLC European Research Alliance (OPERA) project aimed at offering broadband access service by exploiting the BB-PLC technology. Among the project objectives were: to improve both the LV and the MV PLC system in terms of bandwidth, distances reached and network management [17] . Three types of devices are defined, namely the Head-End (HE), the Repeaters and the Customer Premises Equipment (CPE). These devices form a multi-hop system [18] . The project outcomes have been used, among others, for research in the MV BB-PLC field; an example is the work in [19] where a channel estimation algorithm for MV-PLC systems is produced.
Although the broadband scenario has been widely used for in-home applications and Internet access, it has not experienced major deployment when it comes to smart metering applications [20] . However, there are some examples where the BB-PLC is used for smart metering and in general for smart grid applications. For instance, in [21] BB-PLC has been chosen for realising the communication link between the home controller and the utility control center. In [22] its usage at the MV substation level has been examined and in general its implementation in the MV distribution network field.
As a first step, industrial specifications were made available for BB-PLC. The most popular ones are the HomePlug 1.0 allowing data rates of 14 Mbps and the HomePlug Turbo allowing for data rates of 85 Mbps. Higher data rates at the scale of 200 Mbps were defined by the HomePlug AV, the UPA and the HD-PLC specifications [8] . The equivalent industry alliances are the HomePlug Powerline Alliance, the Universal Powerline Association (UPA) and the High Definition Power Line Communication (HD-PLC). Afterwards, some standards followed, namely:
‚ TIA-1113-It is based on HomePlug 1.0 specification and defines a data rate of 14 Mbps. The Physical layer is based on OFDM while the MAC is based on the CSMA/CA (Carrier Sense Multiple Access with Collission Avoidance) scheme [23] .
‚ IEEE 1901-It defines a speed at the rate of 100 Mbps and is based on the HomePlug and the HD-PLC alliance specifications. The Physical and MAC layer are defined by two technologies, the FFT-based OFDM and the wavelet-based OFDM. By this way, compatibility is assured for devices using the two different aforementioned specifications (HomePlug and HD-PLC) [8] .
‚ ITU-T G.hn-This standard gives a high data transfer rate reaching up to 1 Gbps and it refers to Home Networking [24] .
Digital Subscriber Line (DSL)
DSL is another technology that can be used for smart metering applications. DSL makes use of the traditional telephone line for the data transmission. It provides a backhaul for the smart grid data from homes to the utilities. DSL is a reliable and also a low-cost solution, since the infrastructure exists in most cases. A disadvantage of the DSL technology is that its throughput depends on the distance of the subscriber from the serving company [6] . Another issue that arises with DSL when applied in Smart Grids is the possibility that the end-users get to be involved in smart grid access. This could give rise to the installation cost or create functional problems [25] . 
Fiber Optic Communications
Fiber optics provide a high-capacity, high-speed data exchange transmission media that is widely used in backbone transmission networks. At present time the high installation costs associated to its deployment makes it only a suitable solution in situ ations where high data transmission rates are required [26] .
Wireless Technologies
ZigBee
A wireless technology that is widely used in smart meter applications is ZigBee, which has its physical and MAC layers based on the IEEE 802.15.4 standard. Similarly to the NB-PLC, when it comes to smart meters, it is usually preferred for the telecommunication link between the smart meter and the data concentrator rather than the link between the data concentrator and the control centre. It operates in the 2.4 GHz band (worldwide) and its range is between 10 and 100 m, depending on the output power and the environmental conditions [27, 28] .
It is suitable for applications with low data rates and low power consumption and it is appropriate for wireless control and monitoring applications. Some typical applications include building automation, home automation, wireless sensor networks, smart lighting, Advanced Meter Reading (AMR), etc. ZigBee entails a low cost of deployment as well as low complexity. Regarding the AMR applications, one of the advantages of Smart meters, into which the ZigBee protocol is embedded, is that they can easily communicate with smart in-home devices, like smart appliances and home displays. On the other hand, ZigBee experiences a high interference ratio from other applications that use the same bandwidth, which could cause system degradation [6, 27] .
The ZigBee protocol can be also chosen for building a wireless mesh. This is a communication network made up of radio nodes in a mesh topology. The nodes can be all connected to each other, leading to a fully meshed topology or partially connected, leading to a partially meshed topology. The concept of a meshed network indicates that when a node fails, then the information data can be forwarded through an alternative path to the destination. Every smart meter in a mesh network is considered as a node and data is routed through them [6, 29] . Figure 2 depicts a mesh network that consists of smart meters. It is shown that in the case of a fault, an alternative route is found for the information to be transmitted. 
Wireless Technologies
ZigBee
Cellular Technologies-GSM/GPRS-3G-LTE
Usually, cellular technologies on smart metering applications are preferred for the telecommunication link between the data concentrator and the utility data center. One of these cellular technologies can be the GSM or GPRS. The frequency bands used in Europe are the 900 and the 1,800 MHz bands. GSM has also been considered for implementation for smart grid monitoring and controlling. The main advantage of GSM is that the network already exists, thus making it the simplest solution for utilities [6, 26] . On the other hand, the GSM network was not originally designed to carry smart metering data, but voice data, so the handling of the increased data traffic from smart meters along with existing voice data services could become an issue. In addition, the GSM/GPRS bands have been mostly allocated for existing mobile services; therefore, it is hard to get the available spectrum for developing a dedicated network for smart metering applications [26] . 
Usually, cellular technologies on smart metering applications are preferred for the telecommunication link between the data concentrator and the utility data center. One of these cellular technologies can be the GSM or GPRS. The frequency bands used in Europe are the 900 and the 1800 MHz bands. GSM has also been considered for implementation for smart grid monitoring and controlling. The main advantage of GSM is that the network already exists, thus making it the simplest solution for utilities [6, 26] . On the other hand, the GSM network was not originally designed to carry smart metering data, but voice data, so the handling of the increased data traffic from smart meters along with existing voice data services could become an issue. In addition, the GSM/GPRS bands have been mostly allocated for existing mobile services; therefore, it is hard to get the available spectrum for developing a dedicated network for smart metering applications [26] .
The 3G is the third generation of the mobile telecommunications technology. The data rate provided should be at least 0.2 Mbps. The two main standards considered to belong to the 3G category are the UMTS and the CDMA2000. Two more standards are the EV-DO and the EDGE. The frequency band occupied is between 800 MHZ and 1900 MHz for CDMA and EVDO. In addition, the 450 MHz band can be used for CDMA applications [26, 30] . Referring to the smart metering applications, the 3G can be used as the communication link between the data concentrator and the utility data center. The advantage of this technology is that it is already deployed in a large scale, so it can be considered as mature and stable [30] .
The Long Term Evolution (LTE) technology is a standard for high speed mobile communications. It is the evolution of the GSM/UMTS standards. With regard to the 3G architecture, it shows reduced latency. However, its wireless interface is incompatible with 2G and 3G networks. In addition, different bands are used in different countries meaning that devices compatible with one country's regulations can be incompatible with another one's [31] . Referring to smart grid applications it can be used, like the other cellular technologies, for supporting the Advanced Metering Infrastructure backhaul network and in particular the communication link between the data concentrator and the utility control center. The main advantages of LTE technology is the low latency it offers, its high capacity and its low power consumption. On the contrary, the main problem is that the equipment cost remains high [30] .
WiMAX
WiMAX is a wireless communication standard that can provide with a data rate up to 75 Mbps. It can be considered as an alternative technology for delivering fixed wireless broadband access [4] . It refers to the family of IEEE 802.16 standards for wireless-networks and it can be used as a backup technology for cellular phone technologies like GSM and CDMA [32] . With respect to the smart grid applications, it can be a suitable candidate for connecting the data concentrator with the utility's control center. This technology can be a suitable solution for utilities, since it implies low implementation costs, a lower degree of complexity and with an effective control over possible applications [33] . In [6] some smart metering projects are listed, where WiMAX is used for connecting the back-haul utility system with data concentrators. Despite the advantages that it has to offer, the fact that the bandwidth of WiMAX needs to be shared among users remains an issue [30] .
Low Power Wide Area Network (LPWAN)
Apart from the wireless solutions described above, nowadays there are emerging technologies which would be suitable for the realization of the Internet of Things (IoT). Such technologies are suitable for the Low Power WAN (LPWAN), where transmissions of a few kb over large distances at low speeds in the most power-efficient way are required. Therefore, such a network could be suitable for smart metering applications. Three technologies designed for this scope are namely:
‚ SigFox-Its concept is similar to cellular networks; however it is designed to offer services to devices. The transmission is Ultra Narrowband (UNB), while the 868 MHz band is used. There are 400 channels of 100 Hz. Due to the ultra-narrow bandwidth, the noise effect is very low, thus the system is able to recuperate a very low power received signal [34] .
‚ LoRaWAN-It is a specification for Low Power Wide Area Networks and it operates in the 433, 868, 915 MHz band. The channel bandwidth is 125 kHz; the modulation used is either FSK or a chip spread spectrum modulation; the data rates that can be supported are from 0.3 kbps to 50 kbps [34] .
‚ NB-IoT-It is a narrowband radio technology designed for the IoT, which has been standardized by the Third-Generation Partnership Project (3GPP) body. It can be deployed in the GSM spectrum and it can support a big number of low throughput devices [35, 36] . Table 1 gives an overview of the wired and wireless technologies for LV smart metering applications analysed in Section 2. 
Smart Meter Technological Solutions in Europe and Projects for Their Implementation
Smart metering contributes to the EU 2020 strategy for the reduction of 20% of the 1990's carbon emission levels by 2020. Most of the EU countries planned or already deployed nation-wide or selective smart-metering roll-outs, whereas only four countries reached the conclusion that a smart-metering deployment will not have a positive effect in a national level. Only Sweden and Italy accomplished their national rollout. Overall, it is expected that until 2020 around 200 million smart meters will be deployed with an estimated investment of 35 billion € [6] . In this work, we are interested in the technological solutions used for this scope. In general, different technologies have been preferred depending on the country and the application environment. In the following we present some of the smart metering technological solutions selected by different countries in Europe.
Italy
The energy provider ENEL uses power line communications technologies to transmit data from the smart meters to the concentration hub. In particular, the technology chosen for this scope is Meters and More. The concentrator is located usually in the MV/LV transformer and further on the data is transmitted through the wireless public area network to the central system. The whole initiative has been realised through the "Telegestore" project that started in 2001. Since then, over 32 million devices have been installed. Apart from the smart meters, the completion of the project entailed the deployment of the concentrators installed in medium to low voltage substations, used to gather the data recorded by the connected meters as well as the central system for meters remote management, billing information processing and for monitoring the quality of service [37, 38] .
Spain
In Spain, the energy provider Iberdrola has chosen to use smart meters based on PRIME technology. By the end of 2014, circa 4.2 million smart meters had been installed, as part of the Sistemas de Telegestión y Automatización de la Red (STAR) or 'Network Remote Management and Automation Systems' project [39] . By 2018 the company intends to update the whole distribution grid by installing 10.3 million smart meters and updating 80,000 transformer units, which will cost around 2000 million € [40] . Smart meters used by another Spanish energy provider, Gas Natural Fenosa, are also based on the PRIME technology. By 2014 the company had already installed 1.26 million smart meters [39] . On the other hand, Endesa, which belongs to the ENEL group, has already installed 7 million smart meters. This number represents 60% of the company's current fleet. The company has also announced that will complete the massive replacement procedure within 2017, one year ahead of the deadline. So far, data of more than 6.4 million smart meters are being managed, whereas a total of 600 million euros will be invested for the implementation of the new remote management system between 2015 and 2017. The Meters and More technology is used, meaning that NB-PLC is the key technology for the first transmission link, whereas wireless solutions, like GPRS are preferred for the second transmission link [41] .
France
In France, the energy provider ERDF has initiated the smart metering employment with respect to the overall upgrade of the traditional network to an intelligent one. The initial project, called "Linky", involved the installation of over 250,000 smart meters in homes in the greater Lyon area and was completed in 2011 [42] . After the success of the pilot program, the company decided to proceed with a massive smart meter roll-out. It is expected that by the end of 2020, 35 million smart meters will be installed, with a cost of around €5 and €6 billion [43, 44] . The smart meters to be used are/will be based on G1 and G3-PLC technology, with percentages of 20% and 80% respectively, whereas the technology for transmitting data from the concentrator to the control center is mainly GPRS [43, 45] .
United Kingdom
In the UK, the Department of Energy and Climate Change has given great importance to interoperability issues with respect to smart meters. By this way, smart meters will be compatible with every energy provider in case the customer wishes to switch from one to another. For this reason, the Smart Metering Implementation Program has been issued, defining Smart Metering Equipment Technical Specifications (version 1 and 2)-SMETS1 and SMETS2. Both versions define the physical specifications a smart metering system should have and its functional requirements.
In SMETS 1, the Electricity Smart Metering System (ESMS) should comprise of: a Clock; a Data Store; an Electricity Meter; a Home Area Network (HAN) Interface; a Load Switch; a User Interface; a Wide Area Network (WAN) Interface. An In-home Display is used so that the client gets direct information regarding electrical consumptions. The clock is used for synchronization purposes; the smart meter's data is stored in the data storage unit in case they are needed to be retrieved; the load switch is useful in cases of overload; the user interface is used for customer interaction purposes. The HAN and WAN interfaces are very important for enabling communication of the smart meter itself with the in-home consumer devices, the in-home display and the energy provider control center (Head End System-HES). Among the functional requirements defined, the ESMS should be able to establish a communication link with at least one consumer device and the In-home Display via its HAN interface and with a HES via its WAN interface [46, 47] .
There are some differences between SMETS 1 and SMETS 2. In the specifications' second version the electricity smart metering equipment (ESME) is divided in three categories. For the Single Element Electricity Metering Equipment category, the equipment should comprise of: a Clock; a Data Store; an Electricity Meter; a HAN Interface; a Load Switch; a User Interface, including a Keypad. The main difference is that here there is no WAN interface. The HAN interface should be able to communicate with the In-home Display or a similar device that provides consumer access to consumption data provided by the electricity meter as well as with a device that can give access to the meter's data to the energy provider. For this reason, the HAN interface should be able to support a ZigBee network at the 2400-2483.5 MHz band and to establish communication via the DLMS COSEM technology. The first option is useful for fulfilling communication between the meter and the In-home Display/Consumer devices, whereas the second option is used for communication between the meter and the energy provider's data collection system [48, 49] .
Several projects have taken place for the replacement of traditional meters with smart meters. It should be mentioned that some of them have taken place/ started before the release of the SMETS 1/SMETS2 specifications. For example, the Scottish Power energy provider has installed around 5000 smart meters in isolated areas. The initial scope was to use the system in order to test the appropriateness of a radio based communications network for handling with the information from smart meters [50] . The energy supplier SSE has fulfilled the North Leigh project during which around 800 smart meters have been installed in the village of North Leigh. This project has been part of an Energy Demand Research Project (EDRP) supported by the Department of Energy and Climate Change and the industry regulator, the Office of the Gas and Electricity Markets (OFGEM) [51]. The energy provider Edf has been the leader of the project "Low-Carbon London", installing 5000 smart meters for the consumers living in London. This project has also been supported by OFGEM [52] . Finally, the energy provider British Gas also started the smart meter roll out, installing so far 1 million smart meters [53] . Figure 3 shows an example of the usage of smart meters along with an in-home display for the end-customer. There are some differences between SMETS 1 and SMETS 2. In the specifications' second version the electricity smart metering equipment (ESME) is divided in three categories. For the Single Element Electricity Metering Equipment category, the equipment should comprise of: a Clock; a Data Store; an Electricity Meter; a HAN Interface; a Load Switch; a User Interface, including a Keypad. The main difference is that here there is no WAN interface. The HAN interface should be able to communicate with the In-home Display or a similar device that provides consumer access to consumption data provided by the electricity meter as well as with a device that can give access to the meter's data to the energy provider. For this reason, the HAN interface should be able to support a ZigBee network at the 2400-2483.5 MHz band and to establish communication via the DLMS COSEM technology. The first option is useful for fulfilling communication between the meter and the In-home Display/Consumer devices, whereas the second option is used for communication between the meter and the energy provider's data collection system [48, 49] .
Several projects have taken place for the replacement of traditional meters with smart meters. It should be mentioned that some of them have taken place/ started before the release of the SMETS 1/SMETS2 specifications. For example, the Scottish Power energy provider has installed around 5000 smart meters in isolated areas. The initial scope was to use the system in order to test the appropriateness of a radio based communications network for handling with the information from smart meters [50] . The energy supplier SSE has fulfilled the North Leigh project during which around 800 smart meters have been installed in the village of North Leigh. This project has been part of an Energy Demand Research Project (EDRP) supported by the Department of Energy and Climate Change and the industry regulator, the Office of the Gas and Electricity Markets (OFGEM) [51]. The energy provider Edf has been the leader of the project "Low-Carbon London", installing 5000 smart meters for the consumers living in London. This project has also been supported by OFGEM [52] . Finally, the energy provider British Gas also started the smart meter roll out, installing so far 1 million smart meters [53] . Figure 3 shows an example of the usage of smart meters along with an in-home display for the end-customer. Although the situation is more or less clear as to the telecommunications technologies used in the above countries, this is not the case everywhere, either because there is vague information about the utilized technologies or because many countries are at the primary stage of smart meters deployment.
Germany
In Germany, several pilot projects have been carried out by the utilities, according to which thousands of smart meters have been deployed. Apart from this, every new construction since 2010 is required by law to have a smart meter installed [54] . In the following we list some of these pilot projects and we present the main technological solutions selected for them. For example, the energy supplier E.on launched a pilot project during which 10,000 smart meters have been installed in the region of Bayern and especially in the city of Bad Staffelstein. The technologies of PLC and GPRS have been applied on smart meters. The end client had also an important role, by providing a feedback for the whole project via a questionnaire [55] . Although the situation is more or less clear as to the telecommunications technologies used in the above countries, this is not the case everywhere, either because there is vague information about the utilized technologies or because many countries are at the primary stage of smart meters deployment.
In Germany, several pilot projects have been carried out by the utilities, according to which thousands of smart meters have been deployed. Apart from this, every new construction since 2010 is required by law to have a smart meter installed [54] . In the following we list some of these pilot projects and we present the main technological solutions selected for them. For example, the energy supplier E.on launched a pilot project during which 10,000 smart meters have been installed in the region of Bayern and especially in the city of Bad Staffelstein. The technologies of PLC and GPRS have been applied on smart meters. The end client had also an important role, by providing a feedback for the whole project via a questionnaire [55] .
Another pilot project, named "Mülheim Zählt", has been carried out by the energy provider RWE. During this project 100.000 smart meters have been installed in the city of Mülheim involving an investment of more than 30 million euros. The project's completion has been achieved at the end of 2012 and as a result, Mülheim was the first mid-size German city to be close to fully equipped with smart meters. Apart from the smart meter itself, an information/communication module was provided to the customer. The project results showed that there was a slight improvement in energy savings for customers using a smart meter with respect to clients not using one [56] .
One of the developments made by the energy provider EnBW has been a smart meter with an integrated module that allowed all smart meters within a building to be connected, thus leading to successful in-home/building communication. Transmission of data to the energy provider could be achieved via the power line technology. The end-client has the possibility to obtain information about energy consumption even through his/her own computer thanks to an adapter, when connected to the Internet. These first smart meters have been installed in the region of Baden-Württemberg [57] .
EnBW has a subsidiary, YelloStrom, having as business scope the distribution of energy and energy-related services to residential and commercial customers. A solution developed by YelloStrom is based on using the customer's broadband connection to transfer the smart meter data back to the energy provider. Through the project "Yello sparzähler online", smart meters have been implemented with the scope of creating an energy system that would allow the customers to measure and control the power consumption of their electrical appliances [58] . The smart meter communicates through the power line with the router, which in turn sends the data to the energy supplier through Internet [59] .
Finally, the energy provider Vattenfall has initiated its activities in Sweden and afterwards expanded in several countries, like Germany, Finland, Denmark, The Netherlands and the UK. In Germany it has carried out a pilot project in 2010 in which around 10,000 smart meters have been installed in Berlin, mainly in the district of Reinickendorf [60] . The company has also successfully tested G3-PLC modems manufactured by Devolo, a company providing PLC hardware solutions [61] .
Sweden
Sweden is the second European country that has completed the smart meter roll-out beside Italy. According to [62] the techniques for data transmission from the smart meter to the energy provider can vary. The most common one is power line communications combined either with radio (40%) or GSM/GPRS (13%) or as a stand-alone technology (27%). Wireless solutions are also chosen, like radio (13%) or radio combined with GSM/GPRS (7%). Vattenfall has completed the smart meter roll-out in 3 phases , in which 600,000 smart meters have been installed [63] . During the third phase the smart meters are used along with IP connected data concentrators. Communications are realised through PLC GSM and GPRS [64] . It should be noted at this point, that some of the smart meters provided by Echelon support the IEC 62056-21 and the ISO/IEC 14908 standard [65, 66] .
Vattenfall has also participated in several research work activities, like the Smart Grid Gotland project, which targets at integrating large quantities of renewable energy sources in the grid by the use of modern technology [67] . E.on Sverige has installed so far 1 million smart meters in the country. The main technologies used for smart meter data transmission has been power line communications and GPRS [68] . Another energy provider, Mälarenergi, has deployed around 100,000 smart meters which are functional since 2009. The data transmission from the smart meter to the data concentrator can be realised with power line communications or with radio technologies. For the second telecommunication link GPRS is used. The company has mainly chosen radio solutions between meters (75%) and secondarily power line communications (25%) with usage mostly in zones where radio technologies cannot be used [69] . In accordance to the country's regulations for the smart meter roll-out, another energy provider, Fortum, has deployed 860,000 smart meters [70] . Svenska Kraftnät has participated in the smart grid project "Stockholm Royal Seaport", which indicates a sustainable city with a smart grid as the enabler [71] . Finally, Eskilstuna Energy and Environment has been appointed leader of "Planning for Energy Efficient Cities" (PLEEC), which is an FP7 project funded by the European Commission and which targets at making European cities more energy efficient [72] .
Even though in the aforementioned countries there are several pilot projects for smart meters that have been carried out, this is not the case for all EU countries. In many countries the roll-out or even the pilot efforts have just started or are planned to take place in the future.
Greece
In Greece the first pilot project has been accomplished by the year 2015 and was led by Hellenic Electricity Distribution Network Operator (HEDNO). According to this program, around 160,000 smart meters are placed in selected geographical areas throughout the country, like Athens, Thessaloniki and the island of Lesvos. The main technologies that have been/will be used for the smart meters implementation are/will be the power line communications and wireless technologies like GPRS, GSM, and 3G. The selection of the equivalent technology depends on the geographical and population characteristics of each area [73] .
Concluding Remarks
As it can be concluded, many energy providers have started to replace their traditional meters with smart ones, whereas many relevant projects have taken place. The situation is not homogeneous throughout Europe. Some countries have made significant progress towards their smart meter roll-out, whereas in others pilot programs are planned to be realized in the future. It is also noteworthy that some countries apply different smart metering technologies, whereas in others there is a dominant technology chosen. Power Line Communications play an important role when it comes to smart metering applications. However, there is a variety of standards/specifications that can be selected. Table 2 summarizes the information provided in Section 3, with respect to the main technologies applied for smart meters in several countries. It should be highlighted at this point that the list of technologies and the standards/specifications that are mentioned to be used throughout Section 3 is not exhaustive. The technologies that are pointed out represent some cases of applications or in some occasions, the main technologies selected for a large-scale smart meter roll-out, like the case in Italy. The fact that other technologies can also be used or that have already been selected for specific applications is not excluded. Furthermore, in this Section, some information is also provided about rough estimations on investments and the quantity of smart meters installed, which refer to a specific project/actions taken by a specific energy provider. Other projects are likely to have taken place, involving other investment and smart meter scenarios.
It is also worth noticing that in some cases, emphasis is also given to the communication between the smart meter and a device for customer information purposes, like the In-home Display. In the UK, the technology specified for this scope is wireless (second version of Smart Metering Equipment Technical Specifications) and in particular, the ZigBee specification should be supported within the band of 2400-2483.5 MHz. In Germany, one of the energy providers has enabled customer information regarding electrical consumptions through the Internet. 
Smart Metering Applications-Smart Grid Projects
There have been numerous projects realised in the area of smart grid applications throughout Europe. In this survey we have focused on projects, in which smart metering has been/is a part of their investigation, with the aim of arriving to conclusions about the technologies selected for them. In addition, other projects involving simultaneously many smart grid areas have been included in this survey, such as smart network management, integration of RES and smart home. The purpose has been to make derivations for the role of smart meters and to identify the topics of research that the smart grid scientific community tends to focus. In general, it is noteworthy that the number of smart grid projects is very high, indicating the increased interest in the area. Out of the 50 projects analysed in this paper, 28 and four of them involve collaboration of participants from more than three and more than 10 countries respectively. With respect to the projects' duration, 39 of them have/had duration of more than 2 years, whereas six of them lasted/last for 5 years and more. In the following, we briefly describe the aforementioned projects and refer to their selected technologies, where applicable. The project categorisation is indicative, since many of them have/had multiple topics of investigation.
Smart Metering Application Projects
InovGrid
A project that involves the implementation of smart meters is the InovGrid, realised in Portugal, during which, 50,000 smart meters have been installed in Evora and other 100,000 in seven other regions. The majority of the smart meters work with the PLC technology; in particular the PLC DCSK is used. At a minor extent, the PLC PRIME and the RF mesh are used, as well as the GPRS technology. The project aims at providing with equipment that will contribute to the control and management of the distribution grid at any instant [74] .
MeRegio
Another project involving smart metering has been the MeRegio project, led by the German energy supplier EnBW. According to it, the smart meter communicates its data to the customer's router and further on the data is sent to the control center via broadband Internet. It aims at adjusting the electrical appliances so as to be switched on and off when the charging rate is low [75] .
Hook Norton
Smart meters have been applied also during the realisation of the Hook Norton (UK) project targeting overall an examination of energy consumption in a rural area and monitoring the distribution substations. For the data transmission from the homes to a concentration hub within the substations, the NB-PLC technology has been used, whereas wireless solutions have been employed for further transmission of data to the control center. A feedback to the end users related to the total electricity consumption has been provided from the utility center via an Internet interface [76] .
EDRP
Another project in UK is the EDRP project, which involved four energy suppliers and aimed at examining if reduced energy consumption can be achieved when end users receive a better feedback about their energy usage. For this purpose, smart meters and real-time displays have been installed. The smart meters normally communicated with the energy supplier via GSM. In some cases, smart meters and real-time displays were hard-wired to a GSM modem transmitting data to the energy supplier or were integrated with a GSM modem. The PLC option has been also examined, at a minor extent within two communities for data transmission from the smart meters to the concentration hub, while GSM has been employed for further connection of the concentrator and the control center [77].
Remarks on Smart Metering Application Projects
The four projects examined in Subsection 4.1 deal with smart meters implementation. Two of them include a customer feedback in order to achieve energy consumption reduction (Hook Norton, EDRP). A similar concept is followed by the project MeRegio, where the appliances are switched on and off according to charging rates. Table 3 summarizes the characteristics of the projects mentioned in this Subsection. 
Grid Monitoring and Control through Smart Metering
E2SG
Another project, where smart meters play an important role has been the E2SG project, in which organizations or institutions from nine countries participate. Its scope has been to design mechanisms for an efficient smart grid monitoring and control. The project addressed issues of grid sensing, smart metering and communication, including network monitoring by using phasor measurement units (PMUs), smart meters application and implementation of an architecture for data collection, storage and management. The smart meters that have normally been used, worked with a low power wireless transceiver. Another topic of the project has been smart conversion, like optimum power transfer to the grid and best possible interfacing of energy generating nodes with the AC grid and efficient interfaces from the end user to the grid for energy reduction. Advanced grid control methods have been examined as well as the topology of the grid [78] .
NOBEL
In the "NOBEL" project, in which participants from four countries took place, the usage of smart meters has been examined for grid monitoring purposes. In particular, it has been examined the case where the smart meters communicate with each other over low power radio, thus forming a wireless sensor network, whereas wireless standards have also been implemented [79] .
Mirubee
Grid monitoring through smart metering applications have also been examined in the "Mirubee" project, realised in Spain. In this project an electricity metering system has been proposed, which has been able to identify the electricity consumption of each device connected to the grid, through a so-called signature the device entailed. Once the consumption was logged, it was forwarded to a cloud server through Wi-Fi technology [80] .
Remarks on projects for Grid Monitoring and Control through Smart Metering
In these three projects, smart metering has been used for grid monitoring purposes. Wireless solutions are used for different telecommunication purposes in all of them. In the project E2SG the smart meters worked with a low power wireless transceiver, in the project NOBEL the smart meters form a wireless network, whereas in the project Mirubee, WiFi technology has been used for transmitting device consumption to a cloud server. Table 4 summarizes the characteristics of the projects mentioned in this Subsection. The ICE-WISH project, which involved participants from 11 countries, aimed at motivating households in developing energy conservation practices and managing energy usage in the best possible way. The project objectives included the construction of a platform in order to collect sensor data and the definition of ICT and communication infrastructure. A system for the user to observe the energy results has also been part of the project. Wireless techniques have been used for the data transmission to the control center from the data concentrator hub [81] .
E2SoHo
In the E2SoHo project the energy consumption reduction in social housing has been examined by implementing an ICT solution for energy management. In addition, the project dealt with interoperability issues between smart meters from different vendors. The ICT system has been composed of a communications and data processing platform, a user interface for tenants and a user interface for building managers. This solution can be integrated with smart metering systems that are used throughout Europe. From the technological point of view, the communication between the sensors and the data loggers is done through wired (RS485) or wireless (Zigbee) solutions. Afterwards, the data logger has been connected wired or wirelessly to a router, which communicated the data to a server through TCP/IP [82] .
EnergyTIC
ICT tools have also been examined for in-home energy management, as indicates the project "EnergyTIC". Some 1700 houses participated in the project. The end users have been informed through useful messages for their consumptions from water and energy companies, thus being able to monitor and adapt their energy usage [83] .
eSESH
The eSESH project, which involved participants from six countries, offered mainly energy awareness and energy management services to 5000 tenants through ICT solutions. For this purpose, energy awareness and management systems have been created in 10 sites in order to provide with a feedback on the energy consumption and reduce consumption peaks respectively. In addition, load management has also been implemented, so as the energy distribution system operator could remotely adjust the customers' load. The project offered the possibility to have data visualization for electricity, gas, heating, cold and hot water. Regarding the telecommunication technologies used, Energies 2016, 9, 375 15 of 35 they vary depending on the site. So, NB-PLC communications are chosen for some cases for the data transmission from the meter to data concentrator or wireless solutions for other cases (ZigBee). For data transmission to the control center, wireless solutions like GPRS can be found [84] .
Smart Build
Energy management in buildings through an ICT system has been the topic of investigation in the "Smart Build" project, which contains participants from five countries. The project's scope is to initially collect data from the buildings under test using sensors and meters and then forward this data to the control center through a hub. Further on, analysis of data for energy efficiency issues is performed, thus accomplishing energy monitoring and control in smart buildings. For achieving communication among sensors, several communication protocols have been used and wireless connections have been employed [85] .
SportE2
Similarly, energy management consumption in buildings for sport facilities through ICT solutions has been examined in the "SportE2" project. This project has been run by participants in four countries. Initially, the project aimed at studying how energy is used in sport facilities through smart metering and then to provide with the necessary interfaces that would enable control of heating, cooling and lighting. For this purpose, a sensor network was deployed along with various communication solutions. The smart meter communication technologies varied among the different sites and included PLC and wireless smart metering solutions, like ZigBee and GSM. For the realisation of the sensor network, standard communication protocols have been used, including Ethernet and ZigBee [86] .
VERYSchool
Another example of energy management in buildings through ICT solutions has been the "VERYSchool" project involving participants from nine countries. It has been about providing with ICT hardware and software solutions so as to optimize energy consumption in school buildings. Firstly, energy consumption has been examined through smart metering options and further on, data has been saved on a database-the so-called Navigator-regarding energy efficiency. The data is utilized through energy management programs by the system coordinator. The database has been fed with all necessary data by Building Energy Management System (BEMS) devices [87] .
FINSENY
Another project dealing with energy management for buildings through ICT solutions has been the "FINSENY" project, in which participants from 12 countries took part. The project addresses ICT solutions for the operation of smart distribution networks as well as issues related to monitoring and control of microgrids and their interconnection to the overall grid. Regarding the distribution networks, the project intended to design an ICT solution for distribution system automation in order to enhance the grade of integration of Distributed Energy Resources. For this purpose, access to electrical data of the MV network has been planned by the control center. With respect to the energy management in buildings, smart metering solutions have been used. In general, the PLC technology has been preferred for smart meter communication with the data concentrator. In cases, PRIME technology has been also used for smart meters. Normally, substations are considered as the sensors and smart metering aggregation points in the LV or MV network. From that point, data is communicated with the central operation center through GPRS technology. For the Home Network and communication between devices inside the house, the ZigBee protocol is used [88] .
Smartspaces
The project "Smartspaces", which involved participants from nine countries, also referred to energy saving issues in Europe's public buildings through ICT solutions. The scope has been to utilise ICT in order to help the city councils to observe the energy consumption in public buildings. As a first step, energy consumption information has been provided and this has been used for analysis and alert systems in order to provide energy decision support and energy management services. The telecommunication technologies used for data transferring from the smart meter to the data collector vary from site to site and included ZigBee, GSM/GPRS or Ethernet [89] .
Encourage
Energy management in buildings is an issue also addressed by the "Encourage" project, which included participants from five countries. Its scope has been to develop techniques that would contribute to optimum energy consumption in buildings and also to create mechanisms for communicating with external buildings or utilities. The communications technologies recommended within the building were the ZigBee protocol, the 802.11n protocol and the PLC Home Plug Green Phy technology. The Home energy Controller (HEM) could function with all these technologies, whereas the Home Energy Gateway (HEG) which served to transfer data from AMI meter to utility could operate with the wireless technology solutions, like GPRS, ZigBee, WLAN [90] .
Sunshine
The "Sunshine" project, which involves participants from nine countries, deals with energy assessment of buildings and aims at providing building managers with all the necessary information so as to reduce energy waste by heating/cooling systems. Apart from this, it is also planned to control the public illumination system based on AMR [91] .
Remarks on Projects Focused on ICT for in-Home and Building Energy Management
All of the projects examined in Subsection 4.3, deal with energy management, optimization of energy consumption in buildings. Two of them involve the construction of a platform for data collection (ICE-WISH, E2SoHo), whereas three of them refer to energy management in public buildings (SportE2, VERYSchool, Smartspaces). Smart meters play an important role for these projects, whereas information can be found in six of them about smart meter technologies. PLC technology is used for data transmission from the smart meter to the data concentrator in eSESH, SportE2, FINSENY projects. In these first two projects, wireless solutions have also been implemented for this transmission link, like ZigBee. Wireless technologies (ZigBee, GSM, GPRS) have been also used in the Smartspaces project. On the other hand, for the transmission link from the data concentrator to the control center, wireless solutions are used in five projects (ICE-WISH, eSESH, SportE2, FINSENY, Encourage). Furthermore, for the realization of an in-home/sensors network, ZigBee technology has been used in SportE2, FINSENY and Encourage projects. Other technologies for such networks have been also used, like wireless connections (Smart Build), RS485 (E2SoHo), Ethernet (SportE2) and PLC (Encourage). Table 5 summarizes the characteristics of the projects focused on ICT for in-home and building energy management. Figure 4 shows a smart building and the various options it offers in terms of energy management. 
Other Projects for Energy Management through ICT Tools
ICT tools and solutions have not only been examined in the concept of energy management of buildings/houses but also in terms of the energy performance optimisation in neighborhoods.
EEPOS
Such an example is the "EEPOS" project, which included participants from four countries. The project focused on energy management within the neighborhood and maximum utilisation of local distributed energy resources (DER) so as to have "energy positive" neighborhoods. The scope was to achieve energy management in a neighborhood level and to take advantage of the energy produced by RES, by load shifting to time peaks of their energy surplus. In general, when energy surplus was detected, it was intended to utilize this amount of energy wherever it was required within the neighborhood. The NEMS platform has been built to fulfill the project objectives. The information from houses/buildings has been transmitted to this platform, where data about weather conditions 
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Such an example is the "EEPOS" project, which included participants from four countries. The project focused on energy management within the neighborhood and maximum utilisation of local distributed energy resources (DER) so as to have "energy positive" neighborhoods. The scope was to Energies 2016, 9, 375 18 of 35 achieve energy management in a neighborhood level and to take advantage of the energy produced by RES, by load shifting to time peaks of their energy surplus. In general, when energy surplus was detected, it was intended to utilize this amount of energy wherever it was required within the neighborhood. The NEMS platform has been built to fulfill the project objectives. The information from houses/buildings has been transmitted to this platform, where data about weather conditions have also been registered. From the technological point of view, for the in-home network the ZigBee protocol was mainly used [92] .
Cooperate
Another project that focused on energy positive neighborhoods is the "Cooperate", which included participants from four countries. The project dealt with neighborhood power and energy management through a platform. This cloud based service platform served for monitoring and control functions [93] .
EPIC-HUB
The "EPIC-HUB" project, which involves participants from six countries, also deals with issues of improving the energy efficiency in neighborhoods through ICT tools. The port of Genoa, the airport of Belgrade and the exhibition center in Bilbao are the three main sites of the project. Monitoring of the energy produced and consumed and improving storage facilities as well as integrating RES are the main project objectives. The overall energy consumption monitoring is done through power meters located in the main substation through the GSM technology [94] .
EDISON
ICT components and tools have been implemented in the "EDISON" project, in which a smart energy platform has been created that accommodates smart meters, sensors, actuators and power electronic devices. The project entails participants from five countries. Focus has been given on realising an efficient lighting system, in which sensors indicate when the lights should turn on and off in public buildings [95] .
Smart City Kalundborg
The construction of a platform (hub) has been the subject of the "Smart City Kalundborg" project, which entailed participants of two countries. The platform entailed user friendly energy services to people and businesses. The goal was to have selected demonstration sites connected to this hub with the appropriate technical equipment. Specific software has been used to observe data on energy production and consumption. Among others, solar panels and electric vehicles have been tested and renewable energy production and integration has been monitored [96].
The Houat and Hoedic Islands
Energy control and monitoring has been the target of "The Houat and Hoedic islands" project, led by the ERDF French energy supplier. It mostly involved a field test during which an Energy-Box (EBox) was installed in the consumers' homes for energy control [97] .
Remarks on Projects for Energy Management through ICT Tools
Summing up the projects described in Subsection 4.4, it can be observed that there are three projects that, among others, offer energy management services through a platform (Cooperate, EDISON, Smart City Kalundborg), like monitoring and controlling energy production and consumption. The project Cooperate, in particular, examines energy management and improving energy efficiency at a neighborhood level, which is also a topic for EEPOS and EPIC-HUB projects. On the other hand, the Houat and Hoedic islands project involves energy control at the consumer's side. Table 6 summarizes the characteristics of the projects described in this subsection. 
Grid Management
PowerMatching City
Management of the energy and the grid in overall has been addressed by the "PowerMatching City" project carried out in The Netherlands. Its objective has been to depict the grid of the future. Therefore, smart appliances, smart meters, renewable sources and storage volumes have been integrated in the system. The scope has been to examine how the system would perform and how people would react to this initiative. It has been noticed that the various technologies provide flexibility and give the possibility for the system to expand, whereas the system itself could adapt to fluctuating consumer demands. A VPN network has been used for the communication requirements between the households and the central servers. Local connections are realized by a separate ADSL connection. Such connections could also be provided by a broadband internet connection [98] .
PRICE
Another project that dealt with energy management and grid monitoring has been the "PRICE" project led by the Spanish distribution system operator (DSO) Iberdrola. Among others, automation and monitoring of the grid have been issues of investigation as well as grid energy management. In addition, a monitoring system has been implemented that enables end-users to better manage their consumptions. Therefore, smart appliances communicated with the so-called Energy Box (E-box), which played the role of the household energy manager. The technologies used for this are ZigBee and PLC [99] .
STAmi
The LV network management by utilising smart metering information has been the topic of investigation of some projects, like the "STAmi" project. Its goal was to create a web interface to collect real-time data stored in smart meters and it has been realised by the Italian energy provider ENEL [100] .
ISOLVES: PSSA-M
Another project that deals with similar issues is the "ISOLVES: PSSA-M" project that has been realised in Austria and it aimed at obtaining an "image" of the network by utilising smart meter data. For this purpose, real-time measurements have been taken regarding the voltage, current, active and reactive power with the objective to depict the LV network and facilitate the integration of distributed energy into the network [101] .
NINES
Energy and grid management are issues also addressed by the "NINES" project, carried out in the UK. The project aims at improving and stabilizing the electricity grid in the island of Shetland. Through the so-called "Active Network Management" system, the HV network can be monitored. Storage devices, like storage heaters and water tanks are introduced, while the usage of renewable energy sources is also addressed [102] .
4.5.6. ELECTRA Smart network management issues are dealt by the project "ELECTRA", which involves participants from 12 countries. Among others, the project's objectives focus on control schemes for smart grids that would control the frequency and voltage while renewable sources of electricity are increasing. In addition, the functional layer of monitoring and control systems is elaborated and the functionality of the future control room is to be addressed [103] .
Smart Grid Vendee
The project "Smart Grid Vendee", which is run by the French DSO ERDF, also addressed smart network management and aimed at the optimisation of local distribution grids and the development of the necessary tools needed for grid management and management of distributed resources. In particular, the project entails the integration of energy produced by wind parks and PV panels and therefore, management at the transmission level is required. The project includes six wind farms, 30 PV sites, 350 EV stations, whereas at the distribution side, six primary substations and some hundreds of secondary substations. Regarding smart metering solutions, "Linky" smart meters are chosen, with 500 smart meters being installed [104] .
Model City Manheim
Grid management and control from power generation to power consumption has been studied in the project "Model City Manheim", in Germany. One of the objectives is to accommodate fluctuating energy generation from renewable energy sources. At the customer side, an intelligent controller is used, in order to assure that the generated energy is consumed. This device has information about energy consumption characteristics of several devices and it helps the end-user to decide about the moment of their functionality even when he/she is absent. For this purpose, communication through IP is used for the interaction of the devices in the distribution network, while data is transmitted via broadband powerline technology through the electricity grid [105] .
Smart Grid Hyllie
The "Smart Grid Hyllie" project, which is realized in Sweden, examines an energy monitoring system that optimizes the energy utilization. In addition, the integration of renewable energy production is facilitated through monitoring and measuring the power output. Through this project, Hyllie will become an energy efficient town district via the construction and operation of a large scale smart grid [106] .
Nice Grid
Grid management and integration of renewable energy sources are issues also examined in the "Nice Grid" project that entails participants from France and Belgium. The project indicates the insertion and utilisation of photovoltaic arrays, storage units along with smart meters and smart software components for advanced grid management. For this scope, the "Linky" smart meters are selected [107] .
e-GOTHAM
The project "e-GOTHAM", which involved participants from five countries, also addressed issues relating to grid management and integration of RES. The scope has been to divide the grid into microgrids with increased communication capabilities, which would enable collaboration between the different parts and with the overall power grid. Interoperability mechanisms have been addressed as well as algorithms for the coordination of the central and local controllers. The different elements under test, like prosumers, micro-grids, and hardware devices communicated through a middleware architecture, which has been constructed for the project's realization. The information exchanged has been formatted through the xml language. Semantic treatment of the information has taken place through a component of the middleware architecture, which has been specifically devoted for this scope. The project entailed also a Graphical User Interface through which the energy manager could configure energy sources and production plans in simulation algorithms, monitor and control maintenance plans, observe consumption data from smart meters installed in different locations [108,109].
Arrowhead
A project that deals with many smart grid topics and their interconnection is the "Arrowhead" project, which involves partners from 15 countries. In particular, it addresses issues relating to collaborative automation for five categories: production, smart buildings and infrastructures, electro-mobility, energy production and end-user services, virtual market of energy. Embedded devices play an important role in the whole project, while interoperability among services by almost any device is a topic of investigation [110] . With respect to smart buildings, Multi-resources smart meters (MSM) have been applied. These meters have not been installed at the consumers' homes, but in a lab environment. The consumption of the electrical devices has been monitored, whereas WiFi or Ethernet cables have been used for communication purposes [111] .
Remarks on Projects for Grid Management
Grid management is a broad term and it can be a topic of investigation for many projects that perform different activities. In six of the projects analyzed in Subsection 4.5, grid management is examined, among others, in terms of energy monitoring and utilization of RES (ELECTRA, Smart Grid Vendee, Model City Manheim, Smart Grid Hyllie, Nice Grid, e-GOTHAM). The former project in particular examines control schemes for the smart grid, while RES increase. Projects PRICE and PowerMatching City deal among others with management of smart appliances, whereas the latter one has shown the system's ability to expand, while smart appliances, RES and storage units have been introduced. Grid stabilization in combination to storage units' introduction has been a topic of investigation for NINES project. Table 7 summarizes the projects discussed in this subsection. 
Renewable Energy Sources-Integration and Monitoring
ECO-LIFE
The "ECO-LIFE" project, which involved participants from four countries, dealt with renewable energy production in houses and addresses the issue of balancing energy demand and supply at all times. For this purpose, low energy houses have been built and renewable energy sources have been inserted [112] .
PV-NET
The "PV-NET" project targeted at promoting the use of RES and in particular the PV panels. It involves participants from six countries and it aimed at developing the most optimum PV net metering model, meaning that for each end user the net consumed electrical energy has been calculated by subtracting the energy produced by the photovoltaic systems. These net metering schemes have been optimized according to the area of application and to local pricing techniques [113] .
i-EM
Monitoring of renewable energy plants and the smart grid in general, has been the topic of the project "i-EM" that took place in Italy. During this project, several products have been created for several purposes like: the smart grid management, the integration with renewable sources, monitoring of photovoltaic systems and the design and construction of renewable energy plants [114] .
E-Harbours
Integration of renewable energy sources has also been the topic of the project "E-harbours", which aims at making energy systems more adaptable to renewables. It has focused especially on harbors and their wider industrial area. The goal has been to find flexibility in terms of energy in this environment, maximize the integration of renewable energy sources and exploit electric vehicles or other units for energy storage. Grid stability and exceed grid capacity are also issues, that have been examined [115] .
Ashton Hayes Smart Village
The facilitation of the connection of micro-generation technologies, like photovoltaic panels and wind turbines on the LV network, along with network monitoring and analysis, has been the topic of investigation of the "Ashton Hayes Smart Village" project, which was carried out in the UK. The scope was to reduce the CO 2 emissions and increase the integration of renewable energy sources by power quality instruments in LV network and secondary substation power monitoring [116] .
Stockholm Royal Seaport
A project that dealt with optimizing the resource consumption and the recycle solutions has been the "Stockholm royal Seaport", which took place in Sweden. Its goal was to turn the industrial port area into a "greener" place, where container and oil handling would be moved elsewhere. Recycle solutions, sustainable transport were some of the topics of investigation [117] .
Remarks on Projects for RES-Integration and Monitoring
It can be observed that there are two projects that mainly focus on the integration of renewable energy sources for houses/end users (ECO-LIFE, PV-NET), whereas the Ashton Hayes Smart Village project mainly focuses on the integration of RES on the LV network. On the other hand, projects E-harbours and Stockholm royal Seaport aimed at the improvement of industrial areas, like harbors and how energy efficiency can be achieved. Figure 5 shows an example of renewable energy sources and their integration in the grid. Table 8 sums up the characteristics of the projects that focus on renewable energy sources, their integration and monitoring.
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Remarks on Projects for RES-Integration and Monitoring
It can be observed that there are two projects that mainly focus on the integration of renewable energy sources for houses/end users (ECO-LIFE, PV-NET), whereas the Ashton Hayes Smart Village project mainly focuses on the integration of RES on the LV network. On the other hand, projects Eharbours and Stockholm royal Seaport aimed at the improvement of industrial areas, like harbors and how energy efficiency can be achieved. Figure 5 shows an example of renewable energy sources and their integration in the grid. Table 8 sums up the characteristics of the projects that focus on renewable energy sources, their integration and monitoring. A project that addresses issues like smart grid network management, smart metering and integration of RES is the "Smartcity Malaga" project that has been realised in Spain by the utility Endesa. The scope was to obtain a smart grid at all levels, both at the LV and the MV. Controlled meters have been installed in the LV and MV network for monitoring. In fact, an MV network of 40 km and 72 low/medium voltage centers have been monitored. The communication technology used for this MV network has been broadband PLC, while WiMax and 3G have been used as the complementary technology. All control centers and central offices have been interconnected with the MPLS protocol. With respect to the LV side of the network, smart metering solutions are used with the implementation of the Endesa smart meters, meaning that the NB-PLC has been used for the communication of the smart meters and in particular, the "Meters and More" technology. In addition, the MV distribution substations communicate with one or several HV substations through the access grid. Issues like energy storage and micro-generation have also been studied with the implementation of photovoltaic panels, wind turbines and electric vehicles. It is worth noting that the total renewable energy generation capacity reached the amount of 11 MW [118] .
Sustainable
Another project that dealt with grid management has been the "SUSTAINABLE" project that had to do with the distribution network management and its real-time monitoring. The project involved participants from five countries. Two control levels have been implemented, an intermediate control level at the HV/MV primary substation and one at the MV/LV secondary substation. Smart meters have also been used for the project realization and mainly PRIME smart meters. However, for specific functionalities, like the voltage control functionality, smart meter communication has been achieved via GPRS [119] .
Grid4EU
Grid monitoring from the LV as well as from the MV point of view are issues dealt with in the "Grid4EU" project. The project involves participants from six countries and it focuses on managing electricity supply and demand, while it facilitates the integration of decentralized energy resources in the MV network. The project entails 6 sites, where on most of them smart metering solutions are applied. The technology chosen depends on the site. In most cases PLC is preferred for data transferring from the smart meter to the data concentrator, thus PRIME, G3-PLC, Meters & More are used depending on the site. On the other hand, GPRS is selected for data transmission from the data concentrator to the control center. Connection between MV/LV substations and between an HV/MV and a MV/LV substation is realised through the substation (MV/LV) router. The communication is fulfilled through a wireless network or a system based on the MV power lines. The supervisory control and data acquisition (SCADA) technology andRemote Terminal Units (RTUs) are also used to complete the picture of LV and MV monitoring [120].
Discern
LV and MV monitoring is also the survey topic of the "DISCERN" project, which involves participants from five countries. The project deals with MV network automation and monitoring as well as LV monitoring plus measurement solutions for AMR. The PLC technology is primarily used for smart metering purposes and especially the PRIME technology. Some end user smart meters are connected to concentrators via GSM, GPRS or 3G, particularly when few customers are connected to the LV side of the transformer. Several methods are available for communication between the data concentrator and the AMR system, like PLC, GSM, GPRS, UMTS or the LTE. SCADA technology is also employed, whereas the MV points communicate through GSM [121] .
Bidelek
The Bidelek project, realised in Spain and is led by the Spanish Iberdrola and the Basque Energy Agency, has to do with monitoring and automation of the MV network and the deployment of future substations. The project does not only include the implementation of smart meters, but it is also planned to configure 1100 transformer stations with various services, like remote management (250), remote management and supervision (700) and remote management plus automation and supervision (165) [122].
4.7.6. Remarks on Projects for LV and MV Monitoring and Management Subsection 4.7 describes mainly the projects that apart from examining smart metering issues on the LV network, they also focus at a great extent on aspects of the MV grid, thus achieving LV and MV monitoring. In three of the projects we can find information about telecommunication technologies in the MV network. GSM is used for such purposes in DISCERN project, wireless connection is used between MV/LV substations in Grid4EU project, whereas more options are used in Smartcity Malaga project, like BB-PLC, WiMAX and 3G. In Bidelek project, substation automation, remote management and supervision issues are examined.
All of the projects involve smart meters implementation, whereas information can be found in four of them about smart meter technologies. NB-PLC technology is used in Smartcity Malaga, SUSTAINABLE, Grid4EU and DISCERN projects. Additionally, in Grid4U and DISCERN projects, wireless solutions are used for data transmission from the data concentrator to the control center. Particularly in the later project, it is reported that several technologies are used for both links of transmission, like NB-PLC, GSM, GPRS, 3G for the first link and PLC, GSM, GPRS, UMTS, LTE for the second link. Table 9 shows the characteristics of the projects discussed in this subsection. Figure 6 shows an example of monitoring options within a substation. 
Consultation-Informative Projects
SGIH
Apart from the above-mentioned projects, there have been also others that have as a general scope to promote smart grid development through consultation and informative means. Such a project is the Smart Grid Innovation Hub (SGIH), with the aim of providing consultation support to each company. The overall objective is to develop innovative smart grid ideas in Ireland, reinforcing the use of low carbon energy sources and accommodating an increased number of RES [123] .
SmartRegions
The "SmartRegions" project involved participants from eight countries and its goal was to provide information for policy and regulatory issues for the promotion of smart metering applications and to create a tool for analyzing the economic and social effect of smart metering services [124] .
Meter-ON
Another project that aims at providing information to the stakeholders about smart metering solutions is the "Meter-ON" project. Participants from four countries took part in this project and the main objective has been to give information on smart metering options [125] .
Remarks on Consultation-Informative Projects
As a conclusion, it can be said that two of the aforementioned projects focus mainly on providing information on smart metering options (SmartRegions and Meter-ON), whereas the third one (SGIH) provides mainly consultation support to each company for smart grid ideas. Table 10 summarizes the characteristics of the consultation projects. 
Consultation-Informative Projects
SGIH
SmartRegions
Meter-ON
Remarks on Consultation-Informative Projects
Remarks-Technological Trends on Telecommunication Technologies
It can be concluded that there is a growing interest in the smart grid field, with an extended number of ongoing/realised projects. As it can be observed from our analysis presented in previous subsections, the telecommunication technologies listed in Section 2 are used for the smart grid projects' realization. Different technologies are used, depending on different objectives and goals of each project, different locations and different circumstances under which the technologies are tested.
Smart metering plays an important role on the smart grid as a whole. All of the projects described are directly or indirectly linked to smart metering applications. It is noteworthy that 26 of them have among their immediate goals smart meters' installation and utilisation. In general, the concept of the two telecommunication links is followed, as explained in Section 1. In 21 of the analysed projects, explicit information is found about the telecommunication technologies used regarding smart meter data transmission. Power Line Communications and specifically NB-PLC are popular solutions for the first link of transmission, since 15 out of these 21 projects use smart meters based on this technology. Wireless solutions are used by eight out of these 21 projects for data transmission from the smart meter to the data concentrator, whereas in four of the projects it is explicitly mentioned that both NB-PLC and wireless technologies are used. One factor for such a selection can be the topology of the site. Among the wireless options for the first transmission link, ZigBee is a popular solution along with GSM/GPRS. Regarding the second link of transmission, wireless options are the dominant solutions for the aforementioned projects, with GSM, GPRS, 3G being popular technologies for this purpose, since in 12 of the 21 projects information about the usage of such technologies can be explicitly found. More sophisticated solutions, like UMTS and LTE are mentioned in one project, whereas PLC is also found in one project for the second transmission link. As an alternative to these 21 projects, smart meter data transmission to the utility center through the customer's internet link is realised in another project.
Apart from smart metering data transmission, other telecommunication technologies are used for various purposes. In five of the projects analysed in the previous subsections, we can find information about in-home networks or communication networks within the building. The ZigBee protocol is utilized for such purposes in four out of these five projects, BB-PLC is chosen in two of them, whereas in one of them both BB-PLC and ZigBee are used. The HomePlug specification is mentioned in one of these projects (HomePlugGreenPhy) as well as the IEEE 802.11 protocol for communication issues within the building. The technologies used for sensor networks are explicitly mentioned in three of the projects examined in the previous subsections. ZigBee is the solution selected in two of these projects, whereas wireless connections are mentioned in another project. In one of these projects the usage of wired solutions is also mentioned along with ZigBee.
Another topic for which information can be extracted is the data transmission on the MV network. In 3 of the examined projects, the technological solutions for data transmission through the MV network are mentioned. In all of these three projects, wireless solutions are chosen, like GSM, WiMAX and 3G. In one of them, BB-PLC technology is also used along with the wireless solutions. It should be noted that in this work the examined projects that consider research on the MV field are the ones that involve also smart meter applications. However, telecommunication technologies used in the MV smart grid is an important topic for investigation and several relevant papers can be found in the literature. For example, wireless technologies (GSM, GPRS) are studied for grid monitoring and remote automatic grid reconfiguration in [126] , whereas BB-PLC has been studied for the MV grid management and meter data gathering [127] .
Remarks-Trends on the Smart Grid Research Field
By taking a closer look at the projects analysed in the previous subsections, some conclusions can be deducted regarding the topics that mostly attract the scientific interest in the smart grid field. It should be noted that all the projects selected to be examined in this survey involve directly or indirectly smart meter applications. The list of projects is not exhaustive. Other projects examining similar topics may have been realized.
Concerning the projects examined in this work, it can be concluded that focus is given to energy consumption reduction, for instance through consumptions monitoring and customer feedback. In 15 of the 50 examined projects energy consumption reduction issues are studied. Such research can involve in-home or building energy management and consumption reduction. It is also worth noting that four of these projects deal with energy services in public buildings, like schools and sport facilities. Smart metering for grid monitoring has been the topic for 6 of the projects listed in Section 4. In particular, their scope has been to obtain real-time data resulting in an accurate network depiction. In one of these projects, PMUs have also been utilized for this purpose, whereas another one of them addresses issues of identifying an electrical device by the consumption characteristics it entails.
The integration and monitoring of RES in the grid is the subject of research for 19 of the 50 projects examined in this survey. In five of them, renewable energy sources are constructed for the projects' scope, like for instance photovoltaic systems, energy plants or wind turbines. In addition, two of these 19 projects focus on improving industrial areas, like ports, in terms of energy efficiency.
Among the examined projects, there are two that study issues related to microgrids and one that focuses on energy consumption reduction for lighting. In addition, among the examined projects, there are three that focus on consultation purposes. Two of these three projects aim at providing with information regarding smart metering options and promoting smart metering applications, while the third one targets the smart grid development through consultation to companies. Although there are many projects that entail customer engagement, regarding energy consumptions, an issue that lacks attention are the effects, if any and at which extent, to human health caused by the automation of the grid. For example, the insertion of numerous wireless transceivers within the home or not, increases the total transmitted radiation. It would be interesting to inform the general public about such issues, thus potentially enhancing the overall active involvement of individuals.
It is noticeable that from the analysed projects, only in three of them it is explicitly stated that interoperability issues are addressed. Interoperability for smart metering applications is very important, since it assures the correct function of the smart metering system, even in case the end users change energy provider. In general, interoperability among devices guarantees that the operation of the entire system is not compromised in case these devices are replaced by others. For the correct operation of the future grid, interoperability issues will need to be overcome. Therefore, it is a topic that is expected to attract more the scientific interest.
As it can be concluded from our analysis, a topic on which special attention is given is grid and energy management, since 20 out of the 50 projects analysed, address such issues. Grid automation, optimization, stabilization and grid control are some of the issues examined in these projects. It is noticeable that 10 of these 20 projects deal also with the integration of RES in the grid, mostly in terms of utilizing the energy produced by RES in the most effective way and studying the effect of the energy distribution on the grid. In detail, one of these projects focuses on how the consumers could adjust their electrical device utilization according to generated energy from RES. Two of these 10 projects aim at achieving positive energy neighborhoods with an efficient integration of RES and one of them specifically refers to energy management in public areas, like ports and airports. In addition, four of these 20 projects address issues regarding the real-time LV and MV network monitoring, while another one is related only on MV network monitoring.
It should be noted that in our work, the projects analysed that deal with MV smart grid issues are only the ones that combine such activities with smart metering applications. In general, the MV network is an important part of the smart grid and there have been several projects with relevant research work. According to the smart grid projects list, as it is presented in [6] , there are over 30 projects, where it is explicitly stated in the projects' description that MV aspects are examined. Such aspects would be: balancing the power in the system, while the integration of RES increases; remote control and MV system automation; network management; regulating bi-directional energy flow; installation of intelligent components; dealing with faults in the network; communications issues; substation control; automation, control and measuring equipment; voltage regulation issues. Analysing the projects that focus on the MV smart grid is out of the scope of this paper.
Conclusions
In this paper we performed a survey around the smart grid projects in Europe, with emphasis on the role of smart metering LV applications. Special focus has been given on the technologies chosen for the realisation of the smart grid projects with the scope of providing with information about the practical solutions chosen. In addition, we referred to the technological solutions adopted by several European countries in terms of their national smart meter roll-out. For reasons of completeness, the main characteristics of the available telecommunication technologies for the LV smart grid are also presented. To sum up, the following conclusions can be deducted:
‚
Smart meters are key components for energy management and saving. It is expected that around 200 million smart meters will be installed by the year 2020. There are more than 50 European projects that are directly or indirectly linked to smart metering applications.
‚ Two popular technologies for data transmission from the smart meter to the data concentrator are the ZigBee and NB-PLC technology. For data transmission to the control center from the concentrator, wireless cellular solutions are proved to be widely used.
Other popular topics are the energy and grid management, the integration of RES, energy consumption reduction through smart homes/buildings. These topics have been mainly or partly the subject of research for the 40%, 38% and 30% respectively of the projects analysed.
